The dual Higgs model is reformulated in terms of two-point Wightman functions with the equations of motion involving higher derivatives. In the system of the test color charges an analytic expression for the string tension is derived.
1. The nature of confining forces in gauge theories attracts a big attention during last years. We consider the model (in four-dimensional space-time (4d)) based on the dual description of a long-distance Yang-Mills (LDY-M) theory which can provide a quark confinement in a system of static test charges. This talk follows the idea that the vacuum of quantum Yang-Mills (Y-M) theory is realized by a condensate of monopole-antimonopole pairs [1] [2] [3] [4] . Since there are no monopoles as classical solutions with finite energy in a pure Y-M theory, it has been suggested by 't Hooft [5] going into the Abelian projection where the gauge group SU(2) is broken by a suitable gauge condition to its Abelian subgroup U (1) . Now there is the well-known statement that the interplay between a quark and antiquark is analagous to the interaction between a monopole and an antimonopole in a superconductor.
It is known that the topology of the Y-M SU(N) manifold and that of its Abelian subgroup [U (1) ] N −1 are different, and new topological objects can appear in case of introducing the local gauge transformation of some gauge function in our model, eg., the field strength tensor for the gauge field A µ (x) in quantum chromodynamics (QCD) with
which transforms with the gauge function Ω(x) as
The last term in (1) reflects the singular character of the above-mentioned gauge transformation. One can identify the Abelian projection by the replacement
where A Ω µ → A α µ , while the label α reflects the Abelian world. This leads to the Dirac string and magnetic current
in the Abelian gauge sector. Formally, a gauge group element, which transforms a generic SU(3) connection onto the gauge fixing surface in the space of connections, is not regular everywhere in spacetime. The projected (or transformed) connections contain topological singularities (or defects). Such a singularity may form the worldline(s) of magnetic monopoles. Hence, this singularity leads to the monopole current J mon µ . This is a natural way of the transformation from the Y-M theory to a model dealing with Abelian fields.
Analytical models of the dual QCD with monopoles were intensively investigated [6] [7] [8] . The monopole confinement mechanism is confirmed by many lattice calculations (see reviews [9] and references therein). We study the Lagrangian model where the fundamental variables are an octet of dual potentials coupled minimally to three octets of monopole (Higgs) fields. The dual gauge model is studied at the lowest order of the perturbative series using the canonical quantization. The basic manifestation of the model is that it generates the equations of motion where one of them for the scalar (Higgs) field is the equation involving higher derivatives. Our aim is to apply the previous results [10] [11] [12] [13] [14] [15] [16] of Wightman functions in 4d models with equations of motion (for the scalar fields) involving the dipole-type structure at least, to the model with monopoles. The monopole fields obeying such an equation are classified by their two-point Wightman functions (TPWF). In the scheme presented in this talk, the flux distribution in the tubes formed between two heavy color charges is understood via the following statement: the Abelian monopoles are excluded from the string region while the Abelian electric flux is squeezed into the string region. In our model, we use the dual gauge fieldĈ a µ (x) and the monopole field 
C µ andB i are the SU(3) matrices, g is the gauge coupling constant;Ĉ µ = λ 8 C µ (λ a is the generator of SU (3)).F µν becomes the Abelian tensor with C µ being the dual to an ordinary vector potential. The Higgs fields develop their vacuum expectation values (v.e.v.)B 0 i and the Higgs potential W (B i ) has a minimum atB 0 i . The v.e.v.B 0 i produce a color monopole generating current confining the electric color flux. The interaction between a quark Q and antiquarkQ is provided byĈ µ via a Dirac string tensor [17] Ĝ µν having the same color structure asĈ µ , namelyĜ µν = λ 8G µν . A bound state of Q andQ occurs with replacingF µν → λ 8 G µν , where
, we choose the color structure forB i -fieldŝ
The effective potential looks like (see also [8] )
where λ is dimensionless. The LD ( 2 ) becomes
where φ ≡ φ 1 = φ 2 = B−iB, φ 3 = B 3 ; The generating current of (3) 
Here, m ≡ gB 0 and µ ≡ √ 2λB 0 . The equations of motion for the fields b,b, b 3 and C µ are
where µ 2 1 = (50/3) µ 2 , µ 2 2 = 12 µ 2 , m 2 1 = 3 m 2 . The formal solution of equation (4) looks like
with α ≡ (3 m 2 ) −1 , β ≡ 4/m. We obtain that the dual gauge field is defined via the divergence of the Dirac string tensorG µν (x) shifted by the divergence of the scalar fieldb(x). For large enough x, the monopole field is going to its v.e.v. while C µ ( x → ∞) → 0 and J mon µ ( x → ∞) → 8 m 2 C µ . It implies that in the d = 2h dimensions theb(x)-field obeys the equation
but ∆ 2b (x) = 0. Here, the solutions of equation (5) obey locality, Poincare covariance and spectral conditions, and look like the dipole "ghosts" at h=2. We define TPWF W h (x) in the d=2 h-dimensions W h (x) = b (x)b(0) 0 as the distribution in the Schwartz space S ′ (ℜ 2h ) of temperate distributions on ℜ 2h which obeys the equation
The general solution of (6) should be Lorentz invariant and is given in the form [10] at h=2
where a i (i = 1, 2, 3) are the coefficients , l is an arbitrary length scale. The coefficients a 1 and a 2 in (7) can be fixed using the canonical commutation relations
, respectively, with π Cµ (x) = − 4 3 G 0µ (x) and πb(x) = 8 ∂ 0b (x) + m C 0 (x) . The standard commutator for the scalar fieldb is
where
The direct calculation leads to a 1 = (m 2 /48 π 2 ) and a 2 = −(1/24 π 2 ). The propagator of theb-field in S ′ (ℜ 4 ) iŝ
Here, κ is a parameter of representation and not an analogue of the infrared mass,κ 2 ≡ κ 2 /p 2 .
To define the commutation relation [ C µ (x), C ν (y) ], let us consider the canonical conjugate pair {C µ , π Cν }
where ∆ µν (x) = g µν (∂ · C(x)) −G µν (x) tends to zero as x → 0 and the Dirac string tensor G µν (x) obeys the equation ∆ 2 + (3m) 2 G µν (x) = 0. Obviously, the following form of the free C µ -field commutator:
ensures the CCR (9) at large x 2 µ with both ξ and c (in (10)) being real arbitrary numbers but ξ = 3 4 − 4 c. The free dual gauge field propagator in S ′ (ℜ 4 ) in any local covariant gauge is given bŷ
.
The gauge parameter ζ in (11) is a real number. The following requirement (∆ 2 ) 2τ µν (x) = i δ 4 (x) on Green's function τ µν (x) leads to that a constant c has to be equal to zero andτ µν (x) = τ µν (x)/(ξ m 2 1 ). 3. As for an approximate topological solution for this dual model, we fix the equations of motion
] using the new scalar variables χ(x) and f (x). The equation of motion (12) transforms into the following one:
that means that theb(x)-field is nothing but a mathematical realization of the "massive" phase B 0 ·f (x) at large enough x, i.e.,b(x) ≃ (B 0 /2) S(x) f (x) and S(x) ≡ (1+ χ(x)/B 0 ) 2 . Integrating out G µν over the 2d surface element σ µν in the flux Π = G µν (x) d σ µν , we conclude that the phase f (x) is varied by 2 π n for any integer number n associated with the topological charge [18] inside the flux tube. Using the cylindrical symmetry we arrive at the field equation
with the asymptotic transverse behaviour of its solutioñ
The field equation (13) is given by 4. Now, our aim is to obtain the confinement potential in an analytic form for the system of interacting static test charges of a quark and an antiquark. According to the distribution (8), the static potential in ℜ 3 is a rising function with r = | x| [14, 15] P stat (r) ∼ In this talk, we define the static potential like P stat (r) = lim T →∞ [T −1 · A(r)] and the action A(r) is given by the colour source-current part of LD L(p) = − j µ α (−p)τ µν (p) j ν α (p) with the quark current j µ α (x) = Q α g µ0 [δ 3 ( x − x 1 ) − δ 3 ( x − x 2 )]. Here, Q α = e ρ α is the Abelian colorelectric charge of a quark while ρ α is the weight vector of the SU(3) algebra: ρ 1 = (1/2, √ 3/6), ρ 2 = (−1/2, √ 3/6), ρ 3 = (0, −1/ √ 3) [18] ; x 1 and x 2 are the position vectors of a quark and an antiquark, respectively.
As a consequence of the dual field propagator (11), and using the following representation in the sense of generalized functions [11] weak lim κ 2 <<1
